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@ Bacteriophage lysine and their applications in destroying and testing for bacteria. 

(g) Bacteriophages of food-contaminating or pathogenic bacteria or the lysins thereof are used to Icil 
such bacteria. Examples include lysins from bacteriophages of Usieria monocytogenes and 
Clostridium tyrobutyricum. 

Tests for bacterial contamination can be made specific for specific bacteria by uising the appropriate 
bacteriophage or lysin thereof and determining whether cells are lysed thereby. 
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produc destined for consumption by humans or animals (such as stor d potatoes). In agriculture, a particular 
applicati n is addition to silage where Listeria and Clostridium tyrobutyricum are known to present a problem 
that can be passed on up the food chain. In br wing, br wing yeast transform d with a lysin gene may be used. 

In a medical or veterinary context, becaus the lysin is likely to be d graded r to produce an immune re- 
5 action, it is preferred to administer it topically in diseases of the skin such as ulcers, bums and acne. It may be 
applied as the clinician directs, as a lotion, cream or ointment 

An eighth aspect provides a method of testing for the presence of bacteria which are lysed by a bacterio- 
phage or by the lysin thereof, comprising exposing a sample to the said bacteriophage or lysin and determining 
whether bacteria have been lysed as a result of such exposure. 
10 Any technology that exploits the release of intracellular biochemicals (eg ATP or enzymes such as alkaline 
phosphatase or esterase) to detect micro-organisms can, in accordance with the invention, be made specific 
for the target range of such lysins. For example, an ATP or phosphatase release test for Usteria using the Lis- 
teria bacteriophage or lysin thereof, in which the release of ATP or phosphatase is detected (eg by linkage to 
a luciferase reaction and monitoring of photon release or by spectrophotometric methods as is described below) 
IS indicates the specific presence of Usteria in a sample. The inventnn further provkfes a kit comprising a lysin 
and means to detect bacterial lysis. 

Preferably, the bacteriophage in all these contexts Is or at least includes Usteria monocytogenes 0LM4 or 
a bacteriophage of Clostridium tyrobutyricum, such as 0PI. Several different lysins may be used In order to 
destroy or identify a specific range of bacteria. 
20 The cloning and characterization of the gene for the lysin of the Usteria bacteriophage 0LM4 has facilitated 
the production of the free lysin and the availability of its structural gene. These components have application 
in the protection of environment and food material from pathogenic strains of Usteria. The free lysin acts as a 
novel antimicrobial that kills such bacteria and the gene can be genetically engineered in a non-pathogenic 
micro-organism such that the latter produce the Usteria lysin thereby equipping it with a novel anii-Usteria ca- 
25 pability. For example, a food-grade micro-organism may be transformed with a DNA construct comprising a 
coding sequence for the lysin. 

Preferred embodiments of the invention will now be described by way of example with reference to the ac- 
companying drawings, in which:- 

Figure 1 shows patches of E. co// clones with HindlW fragments of 0LM4 DNA in the H/f7dlli site of vector 
30 pUC18. The plate is overiayed with a suspension of Usteria monocytogenes 6868 cells and lysin producing 
denes create clear zones around the patch (indicated by an arrow). 

Figure 2 is a restriction and deletion map of lysin-expressing done pF132Z The result of lysin activity tests 
is indicated to the right The inferred location of the lysin gene is shown. Arrows indicate the orientation of the 
lysin gene with respect to the lac a promoter of tiie pUC vector used which is transcribed from left to right in 
3S tills figure (ie pF1324 is opposed to the lac a promoter, other dones are transcribed in the same direction as 
the lac a promoter). 

Plasmid pF1322 is pUC18 carrying a 3.6kb Hin6\\\ fragment of bacteriophage 0LM4 DNA. Plasmid pF1326 
is pF 1 322 with a 0.56kb H/ndlll - Sali deletion. Plasmid pF1 327 is pF1 322 with a 1 .32kb H/ndlll - EcoRI deletion. 
Plasmid pF1324 is pUC18 carrying a 1.9kb H/ndlll - Nm\ fragment of pF1322 doned between its Hin6\\\ and 
40 HincW sites. Plasmid pF1325 is pUC18 carrying a 1.6kb A/nil - H/ndlll fragment of pF1322 doned between its 
H/ncll and H/ndllll sites. Plasmid pF1328 is pUC19 carrying a 1.9kb H/ndlll - A/rul fragment of pF1322 doned 
between its H/ndlll and HincW sites. Plasmid pF1329 is pF1328 carrying a 1 .6kb Bapl deletion from the polylinker 
fiamHl site. Plasmkl pF1330 is pF1328 carrying a 1.6kb Ba^l deletion from the polylinker fia/nHI site. 

F'^ure 3 illustrates the response of a suspension of Usteria monocytogenes 6868 cells to cell free extracts 
45 of £. CO// strains harbouring plasmids pFI322(A). pFI328(A), pFI329(0) and pUC19(«). 

Figure 4 is a Coomassie blue stained SDS polyacrylamide gel of proteins produced by £ coli strain carrying 
the T7 expresston vector pSP73 (tracks 2 and 3) or pFI331 which carries tiie lysin gene (tracks 4 and 5). Un- 
Induced cells (tracks 2 and 4) are compared with induced cells (tracks 3 and 5). Molecular weight mariners are 
present (tracks 1 and 6) and the expressed lysin protein is indicated by an arrow. 
50 Figure 5 illustrates the sequencing strategy used. The extent and direction of sequences determined are 
indicated by the endows. Synthetic oligonudeotide primers are indicated by boxes. 

Figure 6 shows a single strand of the region of 0LM4 DNA that encodes tiie lysin gene. 
Figure 7 is the Analyseq print out of the analysis of the DNA sequence shown in Figure 6. The identification 
of the open reading frame of the lysin gene is in the top panel. 
55 Figure 8 shows the double stranded DNA s quence of the lysin structural g ne and its translat d protein 
product 

Figure 9 shows the prot ctiv effect of d n d Usteria lysin on skinrvned milk to which Usteria Monocyto- 
gen sis added. 
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as the ptate assay described above and illustrated in Figure 1. a sp ctrophotometric assay was also us d. For 
this the E coli strain caoTing plasmid clones wer grown at Zl^'C for 18 hours, harvested by centrifugation at 
6000 X g for 5 min at 4®C, wash d down once in lOOmM Tris buffer pH7.5 and resuspended in this same buffer 
at approximately lOmg dry weight/mL Ceil fre extracts were mad by 6 cydes of ultrasonication (1 5 sec on, 

5 10 sec off) at O^C using the microprobe of an MSE Soniprep 150. Unbroken cells and cell debris were removed 
by centrifugation at 25000 x g for 15 min at 4^*0. 

Samples of the cell free extracts were added to an equilibrated (5 min at ZT^'C) 4ml reaction mixture con- 
taining 400^moie Tris HCI pH7.5 and Listeria monocytogenes F6868 indicator cells that had been harvested 
and resuspended at an O.D. 600 of 2.3. The fall in optical density caused by lysis of indicator cells was followed 

10 using a spectrophotometer. Typical results from use of this protocol are presented in Figure 3. The lytic activity 
of the plasmid derivative described above and in Figure 2 were assessed using both of these methods and the 
result are presented In Figure 2. 

These results demonstrated that the structural gene for bacteriophage 0LM4 was contained within the left 
hand 1.2kb of the DNA cloned in pF1322 and defined by the H/ndlll site at co-ordinate 0 and the £coR1 site at 

IS co-ordinate 1 .25 of the map Illustrated in Figure 2. 

Figure 2 also indicates the orientation of Listeria bacteriophage 0LM4 DfslA with respect to the £. cotilac 
a promoter that is present on vectors pUCI 8 and pUCI 9. It is apparent that a positive reaction in the lysin assay 
is only found when one orientation is maintained (eg pFI324 is negative whereas pFI328 is positive even though 
both constructs contain the same Listeria bacteriophage 0LM4 fragment). This suggests that expression of the 

20 lysin gene depends on use of the E. coli lac a promoter and that no Listeria bacteriophage 0LM4 promoter is 
present and active in E. colL 

Detection of the lysin protein 

25 in order to Identify a protein produced by the fragment of 0LM4 DNA that expressed lysin activity another 

E coli vector was used. A 2kb fragment from plasmid pFI328 between the Hind\\\ site at co-ordinate 0 and a 
unique 6amHI site present on the polylinker of pUC19 was isolated and cloned between the Hin6l\\ and SamHI 
sites of the T7 expression vector pSP73 that was purchased from Promega. The constructed plasmid named 
pFI331 was transformed into the E. coli host strain JM109DE3. 

30 The E. coli T7 promoter in this vector is expressed by the phage specific T7 RNA polymerase which is in- 

duced by addition of IPTG in the appropriate host strain E coli JM109 DE3. Cultures of this strain canying 
pSP73 as a control or pFI331 were grown for 3 hours and induced by addition of IPTG to a final concentration 
of 0.2mM. Incubation was continued for a further 3 hours before the cultures were harvested and used to pre- 
pare cell extracts using well-established, published procedures (Studier. F.W., Rosenberg, AH., Dunn, J.J. and 

35 Dubendorff, J.W. (1 990) Methods in Enzymology 185: 60-89). 

Proteins present In cell extracts were analysed using conventk>nal SDS-polyacrytamide gel electrophoresis 
(Laemmii (1 970) Nature 227: 680-685). The results presented in Figure 4 deariy demonstrate that the 2kb frag- 
ment of pFI331 expresses a single protein with a molecular size of 31 icOodaltons which represents the lysin 
enzyme. 

40 

DNA sequence of the Listeria bacteriophage gLM4 lysin gene 

The region of DNA between co-ordinate 0 and 1 .2 in Figure 2 was subject to oligonucleotide sequence 
analysis using the dideoxy chain-termination method (Sanger. F.. Coulson. A.R., Barretl. B.G., Smith. A.J.H. 

45 and Roe, B.A. (1980) J. Molec. Biol. 143) with a sequenase version 2.0 icit (United States Biochemical Corpor- 
ation). The 0.9kb H/ndlll - EcoRI and the 0.3kb £coRI • EcoRI fragments of pF1328 were subdoned in the M13 
sequencing vectors M13mp18 and M13mp19 to create templates and sequenced using universal and synthetic 
oligonucleotide primers. To sequence across the internal EcoRI site at co-ordinate 0.9 double stranded se- 
quencing of pFI329 plasmid DNA was used. The sequencing strategy is presented in Figure 5 and the complete 

50 DNA sequence is in Figure 6. The sequence was analysed using the computer programme ANALYSEQ (Staden 
(1 980) Nucleic Acid Resean:h 8: 3673-3694) which revealed an open reading frame that represents the Listeria 
bacteriophage lysin gene. The printoutfrom the Analyseq analysis is presented in Figure 7 and the open reading 
frame representing the lysin structural gene and its translated protein product is presented in Figure 8. The 
molecular size of the translated protein was calculated to be 32.9 kllodattons which agrees well with the cal- 

55 culated 31 kilodalton size of the protein expressed by the T7 vector pSP73 (Clone pFI331 In Figure 4). 
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TABLE 1; ACTIVITY OF CLOKED LYflIK AGAINST LISTERIA fiPEGIEB 



5 


Organism 


Strain 


Serotype 


Relative' 
Activity 


Time (min)^ 


10 


Listeria 


F6868 


4b 


1.00 


20 




monocytogenes 


NCTC 7973 


la 


0.19 


53 






NCTC 5412 


4b 


0.90 


13 


15 




F4642 


4 b 


0.92 


14 




NCTC10357 


la 


0.92 


20 






BL87/41 


4 


0.66 


25 






NCTC 5348 


2 


0.10 


78 


20 




SLCC2373 


3 a. 


1.20 


17 






SLCC2540 


3b 


0.19 


60 






SLCC2479 


3c 


0.15 


60 


25 




SLCC2374 


4a 


0.54 


30 






SLCC2376 


4c 


0.19 


90 






SLCC2377 


4d 


0.08 


90 






SLCC2378 


4e 


0.56 


28 


30 




SLCC2482 


7 


0.45 


36 






L3056 


l/2a 


0.49 


30 






L4203 


l/2a 


0.36 


41 


35 


Organlsia 


Strain 


Serotype 


Relative* 
Activity 


Time (min)* 


40 




L4490 


l/2b 


0.29 


55 






L1378 


l/2b 


0.09 


150 






L4281 


l/2c 


0.11 


120 

X A V 


45 




L3304 


1/2C 


0.12 


90 






ij3253 


4bx 


0.66 


26 






L2248 


4bx 


0.08 


72 


SO 


Listeria 
innocua 


NCTC11288 


6a 


0.90 


12 






NCTC11289 


6a 


0.69 


22 


55 


Listeria 
ivanovii 


NCTC11007 




0,95 


18 
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kn wn N t rminai secretory leader such as those of the proteinase gene, the usp^S gene or the nisin precursor 
gene of Lacfococcus lactis. Suitable organisms for this application concept indud e strains of Lactococcus lactis 
in cheese and dairy products and Lactobacillus plantarum or Ped'tococcus sp cies in agricultural silage. 
The Listeria lysin gene from plasmid pF1 328 was isolated together with its own ribosome binding site using 

5 the polymerase chain reaction. This fragment was doned into the PstI site of E. coli vector pUC1 9 in both ori- 
entations (plasmids pF1531 and pF1532). Expression of this gene in £. coli strains was observed from one 
orientation only, under the control of the /ac a promoter of the vector (plasmid pF1 531 ). Enzyme activity of cell 
extracts of this strain was comparable to that of £ co//strains canying plasmid pF1322. Using plasmid pF1532 
that did not express the lysin gene and doning the lactococcal /acA promoter/lacR gene on a BamHI fragnrtent 

10 (Van Rooijen et al, (1992) J. Bacterial. 174: 2273-2280) upstream of the lysin gene (plasmid pF1533) expres- 
sion in E. CO// of 0LM-4 lysin from the lactococcal lacA promoter was obtained. The lytic activity of extracts from 
these E. co// strains was lower when the lysin gene was expressed from the tacA promoter. The SsHfSphl frag- 
ment of pF1 533 containing the 0LM-4 lysin gene with the lacA promoter/lacR gene was doned into the SsUfSpM 
sites of the lactococcal vector pTG262 (Sheamian et al (1 989) Molecular and General Genetics 218: 214-221) 

IS and the resulting plasmid pFI534 was used to transform L lactis MG5267. As shown in Figure 10 cell extracts 
of this strain expressed 0L.M-4 lysin activity when grown on lactose, on glucose enzyme activity of cell extracts 
was reduced. 

The 0Lr^-4 lysin gene together with the lacA promoter/lacR gene was doned into pF145, a plasmid ex- 
pressing the Lactococcus phage 0vML3 lysin gene which causes lysis during stationary phase of L lactis cul- 
20 tures canying the plasmid (Shearman et al (1992) Biotechnology 10: 196-199). The resulting plasmid pF1535 
in L. /acf/5 MG5267 when grown on lactose produced a culture that grew to stationary phase, then lysed as a 
consequence of the 0vML3 lysin, releasing eU^ lysin into the culture supernatant 



EXAMPLE 3: SPECIFIC DETECTION OF MICRO-ORGANISMS 

25 

The speciTicity of a bacteriophage lysin provides an opportunity to specifically detect those micro-organ- 
isms which are susceptible to it For example to detect Listeria sp. the lysin described here may conveniently 
be used at a post enrichment stage where a broth culture of those micro-organisms present in a test sample 
is first produced. The identity of species of bacteria in the sample at this stage is unknown. The bacterial culture 

30 may be centrifuged and resuspended in an assay buffer (eg the one used here in studies of lysin specificity). 
A control preparation and separately a preparation containing adive Listeria lysin are then added. Sufficient 
units of lysin activity are used to provide very effective lysis of any lysin susceptible cells (ie Listeria). After in- 
cubation for a short period (eg 30 mtn) any Listeria present will lyse, but other spedes will not. The presence 
of Listeria will then be detected by the lysis of bacteria in the sample treated with the lysin whereas no lysis 

35 occurs in the control. 

The detection of lysis may t>e achieved by assaying an intracellular enzyme or metabolite. Espedally useful 
enzyme assays are for phosphatase orfor esterase. Alkaline phosphate can be assayed spectrophotometrically 
by following appearance of p-nitrophenol, which is yellow, from the colourless substrate p-nitrophenyl-phos- 
phate at 405nm. Esterase activity can be assayed using fluorescein diacetate which is deaved to acetate and 

40 fluorescent fluorescein and measuring the latter in a fluorometer. One especially suitable metabolite assay in- 
volves ATP detection. For this the well established luciferase assay in which ATP molecules generate light is 
exploited. Light emission may be measured in a lumtnometer. (An example of an end point detection reagent 
using luciferase-luciferin is marketed by Sigma Chemical Company as produd L-1761). 



45 EXAMPLE 4: CLOSTRIDUM TYROBUTYRICUM BACTERIOPHAGE aPI LYSIN 



Baderiophage 0PI was isolated from a landfill core sample using Clostridium tyrobutyricum NCFB 1755 
as host Bacteriophage 0PI was tested against six more strains of C. tyrobutyricum. Strains NCFB 1753 and 
NCFB 1756 supported the growth of bacteriophage and they were thus host strains as was the strain NCFB 

50 1755. AgainstC. tyrobutyricum strains NCFB 1715. NCFB 1754. NCFB 1757 and NCFB 1790 an undiluted cPI 
stock suspension gave a dear zone but diluting out did not result in individual bacteriophage plaques. This in- 
dicates that these strains were lysin sensitive but not bacteriophage sensitive. Bacteriophage 0PI thus pro- 
duces a lysin with a broad specificity for strains of C. tyrobutyricum. Similar tests of bacteriophage 0PI with a 
wide variety of other bacteria showed no effect of the lysin or bacteriophage particles against C. sporogenes 

55 strains ATCC 17886. NCFB 1789. NCFB 1791; C. butyricum strains NCFB 1713. NCFB 857; Lactobacillus buh- 
tineri strains NCFB 1 1 0, F3327; L brevis strains NCFB 1749, F3328; L helv ticus strains NCFB 1243. CNRZ 
832; L bulgaricus CNRZ448; L plantamm strains NCFB 1 752, NCFB 82. NCFB 963; Escherichia coli Bt 90/1 2; 
Baciilus cereus NCTC 1 143. 

9 
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FIGURE 3 
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FIGURE 5 
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neAsnAspLysLeuTyrTyrMetTyrLysSerPheCysAspValValAlaLysLysAsp 
ATCAACGACAAATTATACTACATGTATAAGAGCTTTTGCGATGTTGTAGCTAAAAAAGAT 

786 + + + + + + 845 

TAGTTGCTGTTTAATATGATGTACATATTCTCGAAAACGCTACAACATCGATTTTTTCTA 

AlaLysGlyArglleLysValArgl leLysSerAlaLysAspLeuArgl leProValT rp 
GCAAAAGGACGCATCAAAGTTCGAATTAAAAGCGCGAAAGACTTACGAATl CCAGTT 1 GG 

846 + + + + + + 905 

CGTTTTCCTGCGTAGTTTCAAGCTTAATTTTCGCGCTTTCTGAATGCTTAAGGTCAAACC 

AsnAsnThrLysLeuAsnSerGlyLysIleLysTrpTyrAlaProAsnThrLysLeuAla 
AATAACACAAAATTGAATTCTGGGAAAATTAAATGGTATGCACCCAATACAAAATTAGCA 

906 + + + + + 965 

TTATTGTGTTTTAACTTAAGACCCTTTTAATTTACCATACGTGGGTTATGTTTTAATCGT 

T rpTy TAsnAsnGl yLysGl yTyrLeuGl uLeuT rpT y rG 1 uLysAspG 1 yT rpl y rT yr 
TGGTACAACAACGGAAAAGGATACTTGGAACTCTGGTATGAAAAGGATGGCTGGTACTAC 

955 + + + + + 1025 

ACCATGTTGTTGCCTTTTCCTATGAACCTTGAGACCATACTTTTCCTACCGACCATGATG 

ThrAlaAsnTyrPheLeuLys 
ACAGGGAACTACTTCTTAAAA 

1026 + + 1046 

TGTCGCTTGATGAAGAATTTT 



FIGURE 8 (END) 
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FIGURE 10 
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FIGURE S 
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I leAsnAspLycLeuTyrTyrhct fyi LysserPh&cysAspValValAlai ysi ysAsp 
ATCAACGACAAATTATAtrACATGrATAAGAGCTTTTGOQATGTTGTAGCTAAAAAAGAl 

T AOnGCTGTTyAATArCATfiT ACM ATTCTCGAAAAC0C1 ALWAI CGAl 111 1 1 CI A 

A^aLysGlyArgrieLy&valArg) ULysSerAljl.ysjAsvl HuAr^l IcProVallrp 
CCAAAACfiADGCATr-AAAGTTCCAATTAAAAG&GCGAAAGACnACGAAl VCCACI MCC 

CRTTTTCCTQWTAGTnCAAGCTTAAnTTCGCGCTnCT GAaTOCT I AAGG I CAAACC 
AS) I AsnT h ri y sL euAc n S c rG 1 yL ys 11 Q L y sT rpT y r A 1 a? r o Asn I li r L v s L c uA 1 a 

AA Y AA DACAAA ATTGAAn CT GGGAAAATT A AAT GGT ATCCACCCAAT ACAA A A T 7 AGf. K 
TTATTCTGTTTTAACTIAAGA<;CDT7TTAATTTACCATADUTGGGT7Al[GTTrTAATCGT 

TrpTyrAsnAsnGlyLysG^ylyrLctJGluLcui rpl yrG\uLysAspGVi rpt vr I vr 
TGGTACAACAACGaAAAAGGATACTTGCAACTCTGGTATGAAAAGGATGGDTnClACTAC 
Qgg + ^ . ^ ...4 ^ ^^2S 

ACCATGrVGl TGCCTTlTCCrATGAACOTTGAGACCATACTTTTCCTACCGAGCAlGATG 

T h r A 1 a A s riT y rPhR V eu L y 5 
ACAGCGAAC7 ACTI Cr I AAAA 

^026 * + 

TGyCGC-riGATGAAGAATn I* 
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